Introduction {#s1}
============

Type 2 diabetes mellitus (T2DM) has become a common global epidemic chronic endocrine and metabolic disease, which can cause a variety of acute and chronic complications and seriously endanger human health. It is one of the important public health problems in the world. Lack of exercise, obesity, dyslipidemia and insulin resistance are considered as the main risk factors for T2DM development. Irisin is a newly discovered muscle factor released by skeletal muscles after exercise in 2012 \[[@R01]\], which can induce the conversion of white fat with the function of storage into brown fat with the function of heat generation, increase energy consumption of the body, promote metabolism, and reduce body weight. As a result, irisin can improve insulin sensitivity. Studies have shown that reduced irisin level is related to insulin resistance and the occurrence of T2DM \[[@R02]\]. Arhire et al pointed out in a systemic review, that irisin is a new hope to better understand and mange obesity and metabolic syndrome especially diabetes \[[@R03]\]. Serum irisin level of T2DM patients is lower than that of normal individuals \[[@R04], [@R05]\], but there have been some controversial conclusions \[[@R06]\]. Moreover, there are few studies so far specifically focusing on serum irisin level of elderly people. Most recently, a study demonstrated that the irisin levels were significantly lower in patients with hypertension, T2DM, overweight and obesity than those in the controls \[[@R07]\].

To this end, we used case-control study method to analyze serum irisin levels and significance in elderly patients with T2DM, providing a theoretical basis for the prevention and treatment of T2DM and its complications such as diabetic nephropathy.

Materials and Methods {#s2}
=====================

Subjects {#s2a}
--------

A total of 71 patients with T2DM were selected from a study cohort of permanent residents aged over 60 years old. All participants were enrolled from five communities and 12 administrative villages in Guankou Town, Jimei District, Xiamen City, Fujian Province, China as case group (67.38 ± 4.85 years old, including 28 males and 43 females). Clinical manifestations and laboratory test results were in accordance with the 2011 edition of the American Diabetes Association (ADA) diagnostic criteria of T2DM, and other types of diabetes were ruled out. Healthy cohort individuals of the same sex and similar age (± 5 years old) were randomly selected as the control group (66.99 ± 4.66 years old, 28 males and 43 females) in a 1:1 ratio from the cohort. No metabolic diseases such as diabetes, hypertension, hyperlipidemia and obesity were found in the control group. None of the subjects had a recent hospitalization, other major diseases (such as liver and kidney insufficiency, tumor or immune system disease), or other major treatments (such as oral glucocorticoids). This study was approved by the Research Ethics Committee of our hospital, and all participants were informed of the purpose of the study in advance and approved to sign the consent forms. This study was conducted in compliance with the ethical standards of the responsible institution on human subjects as well as with the Helsinki Declaration.

Collection of clinical data {#s2b}
---------------------------

Physical examination data of all subjects were collected. Their general condition and medical history were recorded, and their height, weight and blood pressure (BP) including systolic BP (SBP) and diastolic BP (DBP) were measured. Body mass index (BMI) was calculated according to a formula: BMI = body weight (kg) divided by height (m) square (kg/m^2^). Peripheral blood was collected from the cubital vein of all subjects in the early morning (fasting and without exercise for more than 8 h). Some of them were used for the detection of hemoglobin (HB), liver function including alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), renal function including serum creatinine (Cr), blood urea nitrogen (BUN), fasting plasma glucose (FPG), blood lipid (total cholesterol (CHOL), triglyceride (TG)) and other indicators. In addition, serum samples were left at room temperature for 2 h for centrifugation (1,000 g, 20 min) (to reduce the adhesion between red blood cells and serum and reduce the incidence of hemolysis during centrifugation). The upper serum was placed in an EP tube and stored in a freezer at -80 °C for detection of irisin level.

Detection of serum irisin level by enzyme-linked immunosorbent assay (ELISA) {#s2c}
----------------------------------------------------------------------------

Serum irisin levels were determined by ELISA using human ELISA kit which was purchased from Sino Best Biological Technology Co., Ltd. This kit was proved to be highly sensitive to human irisin. The sensitivity was 1.0 ng/mL, and the correlation coefficient R value between the standard linear regression and the expected concentration was not lower than 0.9900.

Statistical analysis {#s2d}
--------------------

SPSS17.0 statistical software was used for data analysis. For measurement data, mean ± standard deviation (SD) was used. Univariate analysis: continuous variables were tested by *t*-test; categorical variables were tested by χ^2^ (dichotomous variables). The influencing factors of diabetes were analyzed by logistic regression. All the statistics were bilateral tests, and P \< 0.05 was considered as statistically significant.

Results {#s3}
=======

Comparison of irisin level and clinical index between T2DM group and control group {#s3a}
----------------------------------------------------------------------------------

Irisin level of T2DM group was lower than that of control group (703.37 ± 241.51 ng/mL and 800.22 ± 275.59 ng/mL, respectively), and the difference was statistically significant. BMI, SBP, DBP, TG and FPG in the T2DM group were higher than those in the control group, with statistically significant differences (P \< 0.05 for each comparison). There was no significant difference in HB, ALT, AST, ALB, Cr, BUN and CHOL between the two groups (P \> 0.05) ([Fig. 1](#F1){ref-type="fig"}, [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}).

![Irisin level in serum and clinical parameters between T2DM group and control group. Comparisons of irisin (ng/mL), BMI (kg/m^2^), systolic and diastolic blood pressure (SBP and DBP, mm Hg), hemoglobin (HB, g/L), alanine aminotransferase (ALT) and aspartate aminotransferase (AST, U/L) between groups. T2DM group: n = 71, and control group: n = 71. BMI: body mass index; T2DM: type 2 diabetes mellitus.](jocmr-12-612-g001){#F1}

###### Comparison of Irisin Level and Clinical Indices Between T2DM Group and Control Group

  Groups           Diabetes        Control         P values
  ---------------- --------------- --------------- ----------
  Irisin (ng/mL)   703.4 ± 241.5   800.2 ± 275.6   0.03
  BMI (kg/m^2^)    23.7 ± 3.5      21.2 ± 2.3      \< 0.001
  SBP (mm Hg)      145.4 ± 21.3    122.0 ± 10.9    \< 0.001
  DBP (mm Hg)      81.9 ± 10.7     74.1 ± 7.6      \< 0.001
  HB (g/L)         137.4 ± 11.2    135.3 ± 10.6    0.25
  ALT (U/L)        24.2 ± 14.5     20.1 ± 11.0     0.06
  AST (U/L)        22.1 ± 14.1     21.8 ± 6.9      0.86

T2DM: type 2 diabetes mellitus; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HB: hemoglobin; ALT: alanine aminotransferase; AST: aspartate aminotransferase.

###### Comparison of Laboratory Test Parameters Between T2DM Group and Control Group

  Groups          Diabetes      Control       P values
  --------------- ------------- ------------- ------------
  ALB (g/L)       46.4 ± 2.4    46.0 ± 1.9    0.335
  Cr (µmol/L)     66.9 ± 20.8   69.8 ± 16.5   0.37
  BUN (mmol/L)    5.4 ± 1.3     5.3 ± 1.4     0.89
  CHOL (mmol/L)   5.6 ± 1.0     5.3 ± 0.8     0.06
  TG (mmol/L)     1.7 ± 1.3     1.0 ± 0.7     \< 0.001\*
  FPG (mmol/L)    8.7 ± 5.5     5.3 ± 0.5     \< 0.001\*

\* P \< 0.05. T2DM: type 2 diabetes mellitus; ALB: albumin; Cr: serum creatinine; BUN: blood urea nitrogen; FPG: fasting plasma glucose; CHOL: total cholesterol; TG: triglyceride.

Logistic regression analysis of influencing factors of diabetes {#s3b}
---------------------------------------------------------------

The step by logistic regression analysis was conducted with or without diabetes as the dependent variable (Y) and serum irisin level, BMI, SBP, DBP, HB, ALT, AST, ALB, Cr, BUN, CHOL, TG and FPG as the independent variables (X). The results showed that irisin may be a protective factor for the development of diabetes mellitus (odds ratio (OR) = 0.997, 95% confidence interval (CI): 0.994 - 0.999). SBP and FPG may be risk factors for diabetes (SBP OR = 1.122, 95% CI: 1.063 - 1.183; and FPG OR = 5.950, 95% CI: 2.525 - 14.020), as shown in [Table 3](#T3){ref-type="table"}.

###### Logistic Regression Analysis of Influencing Factors of Diabetes Mellitus

  Influencing factors   β        sx      Waldχ^2^   P value      OR (95% CI)
  --------------------- -------- ------- ---------- ------------ ------------------------
  Irisin                -0.003   0.001   5.855      0.016        0.997 (0.994 - 0.999)
  SBP                   0.115    0.027   17.711     \< 0.001\*   1.122 (1.063 - 1.183)
  FPG                   1.783    0.437   16.633     \< 0.001\*   5.950 (2.525 - 14.020)

\* P \< 0.05. SBP: systolic blood pressure; FPG: fasting plasma glucose; OR: odds ratio; 95% CI: 95% confidence interval.

Discussion {#s4}
==========

With the aging, economic development and changes in people's lifestyle and dietary habits, the incidence and prevalence of diabetes are getting higher and higher. According to a report in 2013 \[[@R08]\], a survey conducted in 2010 by Ruijin Hospital Affiliated to Shanghai Jiao Tong University showed that the prevalence rate of diabetes among Chinese people over the age of 18 was 11.6% (the World Health Organization (WHO)1999 diagnostic criteria were applied), among which the majority was T2DM. Diabetes can cause a variety of acute and chronic complications, and the incidence, prevalence and mortality of complications are also increasing, seriously affecting the quality of life and survival of patients. In addition, high incidence of T2DM causing a huge social and economic burden, has become an urgent public health problem in China and even in the world.

Although current studies agree that exercise has a protective effect on chronic noncommunicable diseases such as diabetes, the mechanisms underlying the health benefits of exercise are not entirely clear. In early 2012, professor Bostrom \[[@R01]\] from Harvard Medical School reported that exercise can induce peroxisome proliferator-activated receptor gamma coactivator-1-alpha (PGC-1α) expression; and activation of PGC-1α can increase skeletal muscle fibronectin type III domain containing 5 (*FNDC5*) gene expression, and its expression product characteristics for type I membrane protein structure, after cutting and being modified to form a molecular weight of 12 kDa, consisting of 112 amino acid polypeptide, which is called irisin. The *FNDC5* gene is released from skeletal muscle mainly after exercise or cold \[[@R9], [@R10]\]. Irisin can be secreted, activated and transferred to multiple tissues or organs to perform their corresponding physiological functions. For example, it can induce increased expression of uncoupling protein-1, transform white fat into brown fat with catabolic features, increase energy consumption and glucose utilization, effectively improve insulin resistance, and coordinate the treatment of metabolic related diseases such as obesity and type 2 diabetes \[[@R11], [@R12]\]. Therefore, exercise can improve insulin resistance and play a hypoglycemic effect, which is speculated to be related to exercise enhancing skeletal muscle secretion of irisin.

Our study found that the irisin level of the T2DM group was lower than that of the control group, which was consistent with the results of most studies \[[@R04], [@R05], [@R13], [@R14]\]. As a 1:1 ratio, health cohort members with the same sex and age difference of ± 5 years were selected as the control group, and the possible influence of gender and age was excluded. Although the mechanism of reduced irisin levels in patients with T2DM is not fully understood; however, some scholars believe that reduced PGC-1α activity in the muscle tissue of patients with T2DM can explain the decreased irisin level in patients with T2DM, which has been observed before the discovery of irisin \[[@R15]\]. Reduced activity of PGC-1 in muscular tissue of T2DM patients resulted in reduced *FNDC5* synthesis and reduced irisin production. In addition, insulin resistance led to hyperglycemia and an increase in circulating free fatty acids, which also led to a decrease in PGC-1α activity \[[@R16]\]. However, Rana et al \[[@R06]\] found that irisin level was elevated in patients with T2DM. In this study cohort, the BMI of T2DM patients was significantly increased (mean BMI: 31.5 ± 5.4 kg/m^2^), the average body fat percentage and the percentage of abdominal (trunk) fat were higher, and the irisin level was strongly correlated with obesity (including trunk fat percentage). The level of circulating irisin in their study cohort might be determined by the degree of obesity. Therefore, differences in circulating irisin levels between studies may be at least partly related to these phenotypic variables. Differences such as race and diet may also play a role. It should also be noted that the determination of irisin in biological samples by immunological methods is not entirely without controversy. In fact, the reported level of irisin in serum or plasma varies largely dependent upon the method of detection \[[@R17]\]. Therefore, there is currently no universally accepted reference range for circulating irisin levels in normal healthy people.

Irisin is currently believed to be associated with a range of metabolically related diseases, including obesity, T2DM and cardiovascular disease \[[@R18]\]. Irisin is involved in regulating the mitochondrial function of muscle cells, the expression of *FNDC5* gene and other metabolic pathways \[[@R19]\]. *In vitro* and animal studies have shown that irisin has direct and indirect effects on metabolic pathways, mainly on adipose tissue, muscle and liver. First of all, in adipose tissue, irisin can enhance glucose uptake \[[@R20]\], stimulate fat breakdown, but inhibit fat accumulation \[[@R21]\]. Secondly, in muscular tissue, irisin promotes glucose uptake, lipid uptake and metabolism increase, and reduces glycogen decomposition and gluconeogenesis \[[@R22]\]. In hepatocytes, irisin has been shown to reduce oxidative stress \[[@R23]\], promote sugar production and inhibit gluconeogenesis \[[@R24]\], reduce fat production and lipid accumulation \[[@R23]\]. In addition, studies have shown that irisin can specifically promote the generation of β cells from the pancreas in mice and increase the amount of these cells \[[@R25]\].

Majority of current studies showed decreased irisin concentrations in patients with T2DM regardless of the time of diagnosis with or without treatment and even lower concentration in the presence of complications of T2DM \[[@R26]\]. Shoukry et al demonstrated that circulating serum irisin levels were increased in obese nondiabetic subjects, while decreased in T2DM patients. Furthermore, serum irisin levels were correlated with anthropometric and metabolic markers of obesity and T2DM \[[@R27]\]. However, a few studies showed that plasma irisin levels of resting and overnight-fasting were significantly higher in T2DM patients compared with healthy volunteers, suggesting that elevated plasma irisin in T2DM is associated with indices of adiposity, and that irisin may be involved in pro-atherogenic endothelial disturbances accompanying by obesity and T2DM. Irisin may indicate a potentially novel therapeutic approach in the field of obesity and diabetes \[[@R06]\]. Circulating irisin level was reported to increase in the patients with metabolic syndrome compared with healthy controls \[[@R28]\].

FPG is the fastest and simplest test used to diagnose diabetes. It also plays a role in ongoing monitoring of blood glucose control for patients with T2DM \[[@R29]\]. However, FPG is not the best indicator of diabetes risk. Nowadays evidence has shown that irisin is a novel metabolic biomarker \[[@R26]\]. Most published studies showed decreased irisin concentrations in patients with T2DM regardless of the time of diagnosis and whether they are undergoing any treatment, suggesting that irisin may be a novel risk factor of patients with diabetes.

Taken together, considering these beneficial effects, irisin serves as a potential new target for improving insulin resistance and treating T2DM \[[@R30], [@R31]\]; it may be used in the treatment of T2DM patient with insulin resistance \[[@R32]\]. In our study, logistic regression analysis also indicated that serum irisin level was a protective factor for diabetes mellitus. Decreased irisin level in T2DM population may lead to reduced glucose uptake by muscle, aggravation of lipid metabolism disorder, promotion of lipid production and accumulation, thus resulting in an increase of the cardiovascular risk in T2DM patients.

In conclusion, the benefits of exercise for metabolic diseases such as diabetes and obesity are well recognized, and it is tempting to use the newly discovered irisin pathway to achieve similar results. However, the exact mechanism of irisin regulation and release from muscle and adipose tissue and the multiple roles of circulating irisin in affecting nutrient homeostasis and endothelial function still need to be further elucidated in larger clinical studies and further basic studies, so that irisin may play potential roles in the treatment of obesity and T2DM.
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